The sludge produced by treating the urban sewage needs thickening and dewatering and it is important to reduce the quantity of discharging sludge by controlling dewatering ratio in the process of sludge thickening and dewatering. In this paper, the fuzzy adaptive PID control algorithm is designed to replace the common PID control to be used to control dewatering ratio in sludge process. The results of the simulation show that the method is effective in improving the control of the dewatering ratio in sludge process 1
INTRODUCTION
In sludge process, increasing the dewatering ratio of sludge to reduce the quantity of the discharging sludge has become a focus of environmental departments, which can reduce the environment pollution of cities. It is widely applied to measure the dewatering ratio of sludge by Micro-X-ray Analysis [1] . Currently available method for controlling the dewatering ratio of sludge is that the dewatering ratio of sludge is used as feedback data for building control models, based on which the thickening amount and the speed of the dewatering motor by frequency conversion as the inputs of the sludge process are controlled. But it is very difficult to get good controlling effectiveness because the system of sludge process is that of multivariable, nonlinearity, large time delay, and time-varying. The control system of sludge process is shown in Fig1. The control system of sludge process can be divided into the thickening control and the dewatering control to reduce the control difficulties. In the thickening control, the different algorithms such as artificial intelligence (AI) techniques [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] have become one Figure 1 . The control system of sludge process.
of the most important topics in controlling the quantity of thickening chemicals by predicting the quality of sludge process. And in the dewatering control , the common PID control is often used by constructing a feedback with the dewatering ratio of sludge to control the speed of the dewatering motor by frequency conversion. But the control method is not effective because the complication of dewatering process. In this paper, the fuzzy adaptive PID control algorithm based on past experience of commissioning is designed to replace the common PID control to improve the quality of controlling the dewatering ratio of sludge.
FUZZY CONTROL ALGORITHM
The cross cutting system shear is a nonlinear, strong coupling and time-varying complex system, at the same time, there are several sections where the speed of the shear axis will change in the circular motion cycle. Because of the complexity and uncertainty of the motion, accurate control model is hard to be established. During the debugging process, it was found that the running state of shear axis motor will be affected by many random disturbance of the industrial field. Under the control of conventional PID algorithm, it is usually difficult to get the appropriate PID parameters, while the proportional control alone is difficult to ensure the control precision. So the fuzzy adaptive PID control algorithm has been used to improve the control precision of the system.
Principle of Fuzzy PID Control
In this project, two-dimensional adaptive fuzzy PID controller is used. Equation of typical PID control algorithm is as follows:
Reference input signal of the system Differential coefficient of controller According to principle of fuzzy adaptive PID control algorithm, the difference of the measurement coder's feedback value and the value planned by the calculation of the controller is set as deviation signal e , it's one of the input of the fuzzy PID controller, and the other input c e is the derivative of e . To be used in fuzzy operation, e and c e should be quantized to get the fuzzy parameters E and c E .After the process of fuzzy reasoning and defuzzification, the fuzzy controller will generate appropriate PID parameters, then the PID controller adjust the output of the CPAC to control the motion of the shear axis precisely. Block diagram of fuzzy adaptive PID control is shown as figure 2. 
Design of Fuzzy PID Controller
' 0 ' 0 ' 0 p p p i i i d d d K K K K K K K K K           
Establishment of Fuzzy Rules
The fuzzy rules are established according to actual requirements and normal control experience of the industrial fields.
1) When
e is comparatively large, it means that the absolute value of the deviation signal is relatively large, ' p K should be large enough to improve the rapidity of the control system; to avoid the instantaneous value of K is set to a medium value to avoid oscillation of the system and resist the influence from random disturbance.
Combine the range of e and c e , according to the experiences discuss above, fuzzy rules of the system designed in this paper are listed in the follow tables. Table   Ⅰ 
Fuzzy Reasoning
After the establishment of the fuzzy rules, the fuzzy relations are calculated according to fuzzy statements of input and output. Then the corresponding PID coefficients are generated after the process of defuzzification. The fuzzy statement type of this paper is like the statement shown below. 
To generate
K ，49 rules like the form i R are created for each of these three parameters. The fuzzy rule base R is generated through fuzzy union operation of the 49 rules. 
C is a fuzzy set, to be used in the control system, it must be defuzzified to a normal value. The mean max membership defuzzification is used in this paper to defuzzify the fuzzy set. Average value of the largest membership is the output.
SIMULATION
The simulation of controlling the dewatering ratio of sludge for a plant processing sludge has been performed. Simulink toolbox of MATLAB [12] is used for the simulation in this paper. The fuzzy logic toolbox is used to configure and generate the ".fis" file, and import the file into the simulation workspace to establish the simulation model. Simulation results of the conventional PID controller and the fuzzy adaptive PID controller are shown in figure 3 . From the comparison of the results, it is clear that conventional PID controller has the inferiority of existing steady-state error, big overshoot and slow response speed. While the fuzzy PID controller has higher accuracy, higher system stability and faster response speed, obviously superior to conventional PID controller. 
CONCLUSIONS
In this work, we propose the fuzzy PID controller to be used to control the dewatering ratio in sludge process, which is designed based on the system provided conventional PID control algorithm. The simulation result shows that the fuzzy adaptive PID control algorithm has the priority of fast response speed, low overshoot, and high steady-state accuracy. 
